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BBEAJEHUWE

BricokoropHble JIETHUKU apXUBUPYIOT B COCTaBe
JIbIa TaKyl BaXHYIO KIMMaTU4YECKyl0 WH(OpMa-
A0, KaK TEMIIEpaTypa BO3MyXa, 3albUIEHHOCTb aT-
Mocdephl 1 e€ Ta30BBIM cocTaB. DTH JaHHEBIE, TIpe-
CTaBJISTIONINE KIIMMAaTUYECKUIA CUTHAJ JJISI CPETHUX U
HU3KNAX IUPOT, TOMOJHSIIOT TIOOaTbHBIE PEKOH-
CTPYKUMM KJIIMMAaTa, BBINOJHEHHBIE MO KEpHaM
I'pernanguu v AHTapktunbl. [1o cpaBHEeHUIO CO
CBOMMM TIOJIIPHBIMU aHajloTaMy TOpHbIe OypOBbie
IJIOIIAAKY XapaKTEePU3YIOTCSI CPABHUTEIIBHO MEJ-
KOMAacIITaOHOW U CJIOXHOUW reoMeTpueil, 0Jm30-
CTBIO JIENHWKOB K KOHTUHEHTAJbHBIM UCTOYHUKAM
BO3IYIIHBIX MaccC, CJIOXKHOM KapTUHOI (popMupoBa-
HUSI 0cankoB. JIETHUKOBBIE KEPHBI B TOPAaX OXBAThI-
BalOT TOPa30 MEHBINNUE TTPOMEXYTKU BPEMEHU TIO
CPaBHEHUIO C JIEIHUKOBBIMU MOKPOBAMU, HO 34 CUET
0oJiee BLICOKOTO CHETOHAKOTUIEHUS TTO3BOJISTIOT U3Y-
YaTh KJIMMAaTUYECKUE U3MEHEHUS C TOMOBBIM U JaXe
CE30HHBIM pa3peIICHUEM.

BaxHoit npo6yieMoil MHTepHpeTauuy KJIuMaTu-
YeCKO MH(MOPMAIINY 1O JIETHUKOBBIM KepHAM CUM-
TaeTcsl peKOHCTPYKIIMS TEMIIEpaTyp BO3myxa 1Mo u30-
TOMMHOMY COCTaBy KMcJopoda JbAa. HecMorpsi Ha
III06aTbHBIe YPaBHEHUS CBSI3M TEMIIEPaTypPhl BO3IY-
xa ¢ BeauunHamu 880 ocankos (Dansgaard, 1964;
Rozanski et al., 1992), B BEICOKOTOpbe XapaKTep CBSI-
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31 MOXET MEHSIThCS, UTO CBSI3aHO U C Pa3HBIMU HC-
TOYHMKAMM OCAIKOB, M CO CIIOXHOM Tororpadueit
TOPHBIX JIeMHUKOB. C paccoriacoBaHUEM U30TOITHOMN
3aITMCH T10 KEPHY U TIPSIMBIX TEMITepaTYPHBIX Ha0OJII0-
IEeHWI CTOJIKHYJIMCh Ha aJbIMiicKoM JemHuKe Koire
I'mudertu (4450 M) 13-3a 3HAYNTEILHOM OTEPU Ya-
CTU CHera B 3UMHee BpeMs B pe3yybTaTe BETPOBOTO
cHoca. HeratuBHBII 3¢ (heKT HepaBHOMEPHOIT aKKy-
MYJISILIAA WV TIOTePU YacTH BBHITTATAOIINX Ha JIel-
HUK OCaIKOB, NMPUBOMAIMIMNA K YXYIIIEHUIO CBSI3U
880—T, B Kakoii-ToO Mepe MOXET ObITb MPEOSOJEH
OoCpelHeHNUeM OTIAeIbHBIX BDEMEHHBIX CEpUil O Kep-
HY IIPOIOJKUATENBHOCTHIO B 1.5 1 10 j1eT; koo duiim-
eHThl Koppenauuu s3Hadennii 8'%0 ¢ T Bospacranu ot
0.48 10 0.67 n 0.79 cootBeTcTBeHHO (Bohleber et al.,
2018). [Mpumenenue coorHowenus 60, 8°H u mno-
Kasareist neiitepueBbiii akcuece (dy,, = &°H — 8 X
x 8'80) moronHseT TeMIepaTypHyIO 3aluCh 110 JIE/-
HUKOBOMY JIBAY 3HAaHUSAMU 00 MCTOYHUKAX ITPOMC-
XOXIIEHUSI OCANKOB, YCIOBMSIX B MCTOYHHMKAX Trapa
(Ciais, Jouzel, 1994; Vimeux et al., 2001; Stenni et al.,
2010) 1 ipu BBIITAAEHUM OCAIKOB, TAKNX KaK MOA00-
JJaYHOE WCTapeHue, a TakKe IPOIECCOB BHYTPU
CHEXHOM TOJIIIN, TIPUBOISIINX K TIpeoOpa3oBaHUIO
MMepBUYHO M30TOMHO# 3ammcu. MHTepmpeTamms
sHaueHuit 60 u 6°H j1eqHUKOBBIX KEPHOB B UIEAsIe
IIOJDKHA YIUTHIBATh BCE TU (DaKTOPHI, XOTS Ha TTpaK-
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THKE 3TO He Bcerga Bo3MOXHO. [lepBbIM 11arom Ha
STOM IYyTU CUYUTACTCS M3ydeHUE aTMOC(HEPHBIX OCaJI-
KOB, BBINANAIONINX 00 HEIIOCPEACTBEHHO Ha JIeI-
HUKe, N0 Ha OJvKaiieil K HeMy MeTeOCTaHIIUH.
Opranuszanus KpyriioroguyHoro oToopa npoo ocaj-
KOB Ha TaKMX y4acTKax OypeHus, Kak 3anagHoe 1jia-
To W Bocrounas BepmmHa (MwuxajieHKO M Ap.,
2005; Kozauek m np., 2015; Mikhalenko et al., 2015;
Kutuzov et al., 2019; Yuxosa u ap., 2019) texHuue-
CKM HeBO3MOXHa. Takasg paboTa peaim3oBaHa Ha
CTaHLIMU A3ay y TIOIHOXMS F03KHOTO CKJIOHa DJIL0py-
ca. Llesb maHHOI paOOTHI — U3YYSHNE N30TOIMHBIX Xa-
PaKTEpUCTUK aTMOCHEPHBIX 0CAAKOB IJIsI TOTO, YTO-
OBl YCTAHOBUTH 3aBUCUMOCTD 3HaueHuit 020 oT Tem-
rmepatypsl B MOMEHT BBIITAJCHUSI OCAAKOB U
MPUOIM3UTHCS K IIOHMMAIO IIPOLIECCOB, (hOpMUPYIO-
IIUX U30TOMHbBIE XapaKTEPUCTUKU CHEXXHOTO ITOKPO-
Ba M JIEAHWUKOBOTO JIbaa DIIk0pyca.

MATEPHAJIBI U METO/bI

MaccuB Dibdpyca — caMblii KpYITHBIN y3ea ojie-
neHeHus bosbiioro Kaekaza. B Hacrosinee BpeMs
IUIOIIAAb JIETHUKOB cokpalaercsa. B mepuon ¢ 1999
1o 2012 r. rmTolank JIETHUKOB COKpaTuiach Ha 4%, a
¢ 1997 mo 2017 r.— Ha 10.8% (Kutuzov et al., 2019).
AHainM3 MHOTOJETHMX W3MEHEHMI TeMIIepaTyphl
Bo3ayxa B peruoHe (Kozauek u ap., 2015) moka3biBa-
€T, YTO IJIsI 3MMHMX TeMIlepaTyp Bo3ayxa (HOSIOpb—
afpelib) XapakTepHa OObIlas MEXIOoaoBasi U3MEH-
YUBOCTbh, YeM IS JIeTHUX (Maii—OKTSIOph), a COBpe-
MCHHEIC M3MEHEeHMs KJIMMaTa IIpeXIe BCErO BbIpa-
2KaIOTCS B JIETHEM MOTEIUICHUM.

J1st n3ydeHUs1 CBSI3M M30TOITHOTO COCTaBa aTMO-
cepHBIX 0CaIKOB C MECTHOM TEMIIepaTypoit BO3Iyxa
B riepuon ¢ 01.05.2019 no 27.09.2021 r. opraHu3oBaH
OTOOpP 0CaJIKOB Ha CTaHIIUU A3ay, paClOJ0XEHHOU Y
MOTHOXMA Dibopyca Ha BeicoTe 2300 M. OT60p po-
BOIWJICSI OOWH pa3 B IeHb B 9:00 M0 MOCKOBCKOMY
BpemeHu. TemmepaTypa Bo3ayxa (pukcupoBaiaach Ha
METEOPOJIOTMIECKOI CTAaHIIMU B IT0C. TepcKoi (cTaH-
uusgs Pocruapomera Ne 4334250). I1pobsl oT6upa-
JINCH B IIPOOOOTOOPHUK, B CIydae TBEPAbIX OCAIKOB
pacTaluiMBaICh, TIEPEINBAINCh B IPOOUPKU, Tep-
METU3UPOBAJIMCH JICHTOI TMapaduiMm. AHaIu3 U30-
TOITHOT'O COCTaBa KMCJIOPOAAa ¥ BOOOPO/Ia BHIITOJIHEH
B jabopaTopum KJIMMara M OKPYKalollleil cpenbl
ApPKTMYECKOTO U aHTApPKTUYECKOTO HaydYHO-YCCIIe-
noBaTeabckoro nHctutyta (AAHWM ) Ha n3oTomHOM
anaimm3artope Picarro L2130-i. ITorpemrHocts n3me-
peHnii cocraBwia 0.04 mia BenuumH 60 m 0.5
g BeauunH  O’H. 3HayeHuMs KaamOpoBaHBI B
mkaie VSMOW—-VSLAP. Bcero npoananu3upoBa-
HO 238 06pa3loB.

Jnag  ycTaHOBIIEHWSI OCHOBHBIX OCOOEHHOCTEH
JIaJIbHEro MepeHoca BO3ayxa U BO3MOXKHbBIX UICTOUHM -
KOB BOJSIHOTO TMapa, BBIMAAAIONIEro B BUIE OCAIKOB
Ha DJIpOpyce, BOCCTAHOBIIEHBI OOpaTHBIE TPAEKTO-

pUU OIBVKEHUST BO3AYILIHBIX YACTULL C TPUMEHEHUEM
tpaektopHoit Moaeau NOAA HYSPLIT 4 (Draxler,
Hess, 1998; Stein et al., 2015) u ceTOYHBIX TTOJIEH pe-
aHanmm3a meteonapameTpoB NCEP/NCAR Reanaly-
sis ¢ paspemreHueM 2.5° x 2.5° (Kalnay et al., 1996;
Kistler et al., 2001). O6paTHBIE TPa€KTOPUM BOCCTa-
HapiauBaiau Ha 120 gacoB (5 CyT.), 4TO OOYCJIOBIEHO
CpEeIHUM BpeMEeHEeM HaxOXIeHWS BOISIHOTO Tapa B
atmocdepe (Wallace, Hobbs, 2006). PaccuntbiBa-
JIUCh OOpaTHBIE TPACKTOPUM IS BO3AYIIHBIX 4Ya-
CTHII, TPUOBIBABIINX K CTaHIMU A3ay (43.2659° c.1u1.,
42.4799° B.1.) B mepuon ¢ 12.01.2019 1o 27.09.2021 r.
BO BCE JHM, KOT/Ia Ha CTAHLIMU HAOII01aJIMCh OCAIKH.
PacuéT BeinmoJiHEeH 1IsI TpEX cioeB ToammunHoi 200 M,
LEHTpUPOBaHHBIX Ha ypoBHsIX 2500, 3500 u 5000 M
HaJ yp. MOPsI, UJIM COOTBETCTBEHHO, Ha BbicoTax 200,
1200 u 2700 m Hax cranumeit Azay. B mpenenax Kax-
JIOTO CJIOST TSl KaXKIOro Jaca JHSI ¢ ocagKaMM pac-
CUMUTBHIBAJIMCH TPU TPASKTOPUU — JJIsI CAMOTO YPOBHSI
u 1t BeicoT 100 M ot Hero. 1 UCclteIyeMoro I1e-
pyoaa IJIst KaXI0To U3 YPOBHEM ObLI pacCUMTaH Mac-
cuB u3 19756 obpaTHBIX TpackTopuii. Ha ocHoBe 1M0-
JIy4YEHHBIX MACCUBOB JIJISI KAXI0TO U3 YPOBHEIL ¢ Mo-
Moo Metoguku (Shukurov, Chkhetiani, 2017)
BOCCTaHABJMBAJIUCh CE30HHBIE IMOJSI PEeruoHasb-
HOM BEPOSITHOCTU MepeHOCa BO3AYILIHOM YaCTUIIHI,
P [%], koTopast xapaKTepu3yeT MOBTOPSIECMOCTb ITe-
peHoca BO3AYILIHBIX MAacC, CBS3aHHBIX C BbIMajae-
HUEM OCaJKOB Ha cTaHIIMU A3ay (pa3pelleHue Io-
Jeit 2.5° X 2.5°).

PE3VIJIbTATHI

3nauenus 680 u §*H armMochepHBIX 0CaIKOB Ba-
pbupytoT ot 0.52 1o —28.22%0 n ot 16.3 1o —224.1%o
COOTBETCTBEHHO, OOHApYXMBasi 3aKOHOMEPHYIO Ce-
30HHOCTb C BHICOKMMM 3HadeHusMu 60 u &*H ne-
TOM W HM3KMMU — 3umoii (puc. 1). [eliTepueBhlil
9KCIIECC BapbUpyeT B IMMPOKUX ITpenenax ot 24.8 no
—14.6%0. MunumManbHble 3HaueHus 0°0 n &*H
ocankoB 3acukcupoBaHbl B pepaie 2020 .

CesonHble Bapuauuy 3HadeHui 680 u 8*H coor-
BETCTBYIOT T'OIOBOMY XOJIy TeMIIepaTyphbl BO3AyXa Ha
craHuuu Tepckoi. CBsI3b U30TOITHOIO COCTaBa KMC-
JIOpoJa CO CPEMHECYTOUHBIMU TeMIlepaTypaMu BO3-
Jlyxa B I€Hb 0TOOpa BhIpaxkaeTcsl TMHEMHBIM ypaBHE-
HueM 880 = 0.825t — 12.7%o0, R*> = 0.69 (puc. 2).
IIpu nprMeHeHUU JIEHHUKOBBIX KEPHOB IS ITaJicO-
KIIMMAaTU9YEeCKNX PEKOHCTPYKIMKA BaXXHO OIIEHUTD,
HACKOJIbKO M30TOITHbIE MapaMeTpbl OCAIKOB CBsi3a-
HEI CO CpEIHEMECSIYHLIMUI TeMIIepaTypaMU BO3IyXa.
I1pu mepexone K OLIeHKE CBSI3M OCPEIHEHHBIX 3 Me-
cda1 cpenHeapudMeTndeckux 3HadeHuit 680 ocan-
KOB CO CpeIHEMECSIYHOM TeMIIepaTypoii BO3ayxa, KO-
sppunments 6'*0/T mpakTUyecKu HE MEHSIOTCH, a
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Puc. 1. Bapuanmu temnepaTtypsl BO3Ayxa Ha MeTeOCTaHIIMU TepcKolt (a), 3HaYeHU I 5% 0), &H (8) 1 d-excess (¢) OCagKoB,
0TOOpaHHBIX Ha TTOJISTHE A3ay 3a Tlepyrof HaOIoAeHU: | — cpeHecyTOYHbIE TeMIIepaTyphl BO3Ayxa, 2 — TeMIIepaTyphl BO3mMyXa

B IeHb 0TOOpa, 3 — 3HAYCHUST 3180 0CaJIKOB, 4 — CpemHEMeCSTIHbIC 3HAYCHUST 5180 0CaIKOB, 5 — 3HAYEHUS H 0CagKoB, 6 —
cpeaHeMecsiuHble 3HaYeHU ST H 0CaJKOB, 7 — NelTepreBbIii dKCLIEeCC.

Fig. 1. The variations of air temperature at Terskol weather station (a), values of 5'%0 0), 5°H (8) and d-excess () of precipitation
at Azau station for the observation period: / — average daily air temperatures, 2 — air temperatures on the day of sampling, 3 —
5180 values of precipitation, 4 — monthly average 5130 values of precipitation, 5 — 82H values of precipitation, 6 — monthly
average 82H values of precipitation, 7 — deuterium excess.

JEA U CHET  tom 63 Nel 2023
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Puc. 2. XapakTep CBSI3U 3HaYCHUIA 5'%0 0CaJKOB Ha CTaHLIMM A3ay ¢ IPpU3EMHOI1 TeMrepaTypoii Bo3ayxa Ha CTaHIIUKU TepcKo
IUIST BCEX MHAMBHUIYAIbHBIX ITPOO OCANIKOB 3a Nepro HaboaeHU I (), OCPEIHEHHBIX 10 CPeIHEMECSIYHbIX BEJIMUUH (6) U ISt
CpeIHEMECSIYHBIX BEJIMUUH IBYX NIEPUOIOB (8).

Fig. 2. The relationship between the 8130 values of precipitation at the Azau station with surface air temperature at Terskol station
for all individual samples of precipitation for the observation period (a), averaged to monthly averages (6) and for monthly aver-
ages of two periods (8).

JOCTOBEPHOCTh JIMHEHHOI almpOKCUMalMU BO3pac- B TO Xe BpeMsl METEOPOJIOrnYecKre mapaMeTphbl
taeT (880 =0.85t— 13.3%0, R2=0.86). ToecTb Blile-  OTIEIbHBIX CE30HOB MEHSUIMCH B TEUEHUE BCETO ITe-
JIOM 3a [IBa TO/Ia CBA3b C TEMIIEPATYPOIl BLIPDAXAETCS  pUOIA HAGIIONEHUIT, B OCHOBHOM 3TO KacaloCh TEM-
koo puimenTom Ad'O/AT = 0.85%0/°C. nepaTypHBIX yclioBuii 3uMbl: cpenHue (—5.2°C) u

JEI U CHET  Ttom 63 Nel 2023
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MuUHUMAabHBIE (—16°C) TeMmIiepaTyphl Bo3ayxa, Ipu
KOTOPBIX BhINaganau ocanku 3umoii 2020 1. ObIJIM HU-
xe, yeM 3uMoii 2021 1. (—3.5 1 —10 COOTBETCTBEHHO).
M3oromnHbie TapaMeTphbl aTMOC(EPHBIX 0CaTKOB TaK-
K€ PasaIndaloTcs — CpeaHee 32 SMMHUE MECSIIBI C STH-
Baps 1o mapT 3HayeHue 00 B 2020 r. cocraBuio
—18%o0, a MuHMManbHOEe —28.2%0, B 2021 1. cpenHee
3a 3MMHUE MecSaUbl 3HayeHue O0°0 cocTaBUIOo
—14.66, muHumaabHoe —23.59%o0. CBs3b BeIUYUH
680 ocankoB ¢ TeMIepaTypoii Bo3oyxa OTIMYAETCS
IUIST 3TUX ABYX Ce30HOB (cM. puc. 1). BrineneHbl nBa
BpPEeMEHHBIX MHTepBasia — IepBhIii nmepuon ¢ 05.2019
o 05.2020 r., Bropoit — ¢ 06.2020 o 09.2021 r. (cMm.
puc. 2), IpUMeHss B KQ4eCTBE pa3ae/IMTelIs Hadyaio
JIETHETO ce30Ha. J1JIsI mepBoOTro Iepuoaa CBsI3b 3HaUe-
Huil 680 ¢ TemmepaTypamMu IIpPU3EMHOIO BO3IyXa
BhIpaxaerca ypasHeHueM 080 = 1.06t — 13.9%o
(R*=0.93), nis Broporo — 880 = 0.64 t — 12.05%o,
(R?=0.84).

Bce nonyuennbie 3HaueHus 8'°0 u §’H annpox-
cumupytotcsl ypaBHeHuem O°H = 8 880 + 7.06
(R?>=0.98), 61U3K1M K IJI00AIbHOM JIMHUU METEOP-
HbIX Boa. CpenHsisi BeJIMUMHA AeUTeprueBOTO dKCliec-
ca 1o BceM obGpasllaM ocaIKoB cocTaBmia 6.82 =+
+ 5.99%0. Panee mna paitona Dnp6pyca u LleATpans-
Horo KaBkaza oTMeYaliChb B IIEJIOM BBICOKHE
(>10%0) 3HaYeHMST IEUTEPUEBOTO DKCIECCa B CHEX-
HBIX OcaJKaX M CHEXHOM IMOKpoBe (MuxalleHKO M
ap., 2005; Vasil’chuk et al., 2020).

BoccranoBineHHBIE 0OpaTHBIC TPAEKTOPUM XapaK-
TepPU3YIOT OOIIMMe YepTHl BO3AYIIHOIO IIepeHoca,
o0ecrneumnBapoIIero IOCTYIUIEHUE BJIArOHECYIIUX
BO3IYILIHBIX MacC B paiiloH DJIbOpyca. DTU YEPTHI Jie-
MOHCTPUPYIOT CE30HHOCTb, BHIDAXXECHHYIO B CMEHE
WCTOYHMKA BJIATOHECYIIMX BO3MYIIHBIX MAacC OT 3M1-
MBI K JIETY ¥ YBEJIUYEHUHN YAAJCHHOCTU MCTOYHUKOB
(cpenHeii IIMHBI TPAaeKTOPUU IBUKEHMS BO3IYIITHBIX
Macc) OT JieTa K 3uMe. B 1ie1oM, aHanu3 5-CyTOYHBIX
00OpaTHBIX TPACKTOPUIL MOKA3aJl, YTO OCATKMU Ha DJIb-
Opyce 3UMOM CBSI3aHBI C IPe0OIagaIONINM TTePEeHO-
COM BO3IYIIHBIX Macc ¢ ATJIaHTUKU (puc. 3, a—e),
JIETOM — C JOMUHUPOBaHUEM TIepeHOCa U3 PailoHOB
neHTpanbHOM EBporbl, co CpenuzemHoro u YepHo-
ro Mopeiu (cM. puc. 3, xac—u). Cpean3eMHOMOPCKO-
YEepHOMOPCKUIT pETrMOH BO BCE CE30HBI — paiioH, U3
KOTOPOTO MepeHOoC Bo3ayXa K DJan0Opycy Haubdosee
BepositeH. HecMoTpst Ha TO, YTO Ha JICTHUI CE30H
MIPUXOOUTCS HAMOOJbIIEe UYMCIIO TPaeKTOpUii, 00-
JIaCTh TIEpeHOCa Ha BCEX YPOBHSIX JIETOM MUHUMAaIb-
Ha (CM. puc. 3, oc—u), 4YTO CBSI3aHO C YMEHbILIEHUEM
CpemHell CKOpOCTH MepeHoca BO3ayxa B 3TOT CE30H
BCJICACTBHE OCIa0JIeHNSI IIMPOTHOIO TpageHTa TEM-
nepatypsl Bo3ayxa B CeBepHoMm nojrymapuu. C po-
CTOM 30HAJIbHOTO TeMITepaTypHOTrO KOHTpAcTa B Te-
pEXOIHbIEe TIEPUOJbl U OCOOEHHO 3MMOM CKOPOCTH
JIBYKEHWS BO3IYILIHBIX YaCTUII HApacTaeT, YTO BhIpa-
2KaeTcsl B yBeJIMYEHUM 30HBI IIepeHOCca BECHOM (CM.
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puc. 3, e—e), oceHbIO (CM. puUcC. 3, K—M) ¥ 3UMOI1 OT-
HOCHUTEJIBHO JIeTa.

PE3VJIBTATBI 1 OBCYXIEHHWE

Bo3moocnvie ucmounurxu ocaoxoé u odeiimepueanti
aKcuecc. BaxHprit hakTop, onpenesiomnii U30TOMH-
HbIE TTapaMeTpbl aTMOC(MEPHBIX OCAIKOB — paiioH
IIPOMCXOXICHUS Bjlard. YCJIOBUS B ICTOYHUKE T1apa,
Takie KaK OTHOCUTENIbHAS BJIAKHOCTh U TeMIIepaTy-
pa MOBEPXHOCTHU MOPSI, BIUSIOT HAa BEJIMIUHY JciTE-
puesoro 3kcuecca (Pfal, Sodemann, 2014). Kpome
TOTO, YOAJIECHHOCTh UCTOYHMKA TTapa OT MeCTa BhI-
MajgeHusI 0CaJKOB TaKKe BIMSIET HAa U3OTOITHBIC Xa-
PakTepUCTUKU OCANKOB. B GONBIIMHCTBE CiydyaeB
U30TOITHBIE TTapaMeTPhl 0CAIKOB (P OPMHUPYIOTCS CO-
[JIACHO ypaBHEHUIO Pajiest u cBSI3aHBI C TTOCEa0BAa-
TeJIbHBIM UCTOLLIEHMEM BO3AYIIHBIX MAcC MO MYTHU UX
IBIDKEHHSI. DTO COMPOBOXIAETCS YMEHbIICHUEM
3HaueHuit 0'%0 u 3?H BBIMamaroMX OCagKOB U HE-
3HAYUTEJBHBIM YBEIWYCHUEM IEeUTEPUEBOTO DKC-
necca (Gat, 2000).

BoccranoBineHHble 0OpaTHBIE TPAaCKTOPUM JIBU-
JKEHMsI BO3IYIITHBIX MacC B JICTHUI CE30H yKa3bIBalOT
Ha TO, 4YTO HanboJiee BEPOSITHBIA NCTOYHUK OCa -
KOB — 3TO0 IeHTp EBporibl, 0671aCTH BOCTOYHOM YaCTH
CpenuzeMHOro mMopsi, akBaropusi YepHoro mMopst u
omrxaiiie K HeMmy paiionbl. CpennzeMHoe u Yep-
HOEe MOPSI CYUTAIOTCA UICTOYHUKAMU T1apa IJjIst ocall-
KOB C BbICOKMMU BequunmHamu d-excess B HOxHoOit
Espore, Anpriax u Ha Kaskaze (Gat, Carmi, 1970).
E1mé omH1MM MCTOYHMKOM BOMISTHOTO I1apa ¢ BEICOKUM
JeiTepueBbIM 3KCLIECCOM — PELIMKJIMHT BJIaTU, KOTIa
C TTOBEPXHOCTU 3eMJIU TIOBTOPHO UCIApsIETCs BJIara,
BBEITIaBIIAsI B BUIE aTMOC(EPHBIX OCAAKOB. DTOT ITap
CMEIIMBAaeTCs ¢ NMPUXOISIIIUMHU B paiioHe DJpOpyca
BO3IYIITHBIMU MAacCaMU, B pe3yJIbTaTe Yero BbIMaga-
IolIe OCadKU coaepkaT 0oJiee BHICOKHME 3HAYCHUS
d.,.. PaHee s Onp0pyca oTMe4anuch OCaiKu C Bbl-
COKUMU d.,., OOJBITMHCTBO CHEXHBIX IIYPGHOB U He-
ITyOOKUX KEPHOB Ha I0XKHOM CKJIOHE DJIh0pyca TaK-
K€ comepXar cpemHue BeTWIUHBI d.,. Bbie 10%o.
DTO XOpOLIO 3aMETHO Ha auarpamme 0'0—6°H
(puc. 4), Ha KOTOPOI TOYKM, XapaKTepU3yIOlIue IMo-
BEPXHOCTHBIII CHEr M JICASHOM KepH ¢ 3aItagHoro
mwiato (MuxaneHnko u ap., 2005), pacnoaokeHbI BbI-
11e TUHUM METEOPHBIX BOI. B McciiemoBaHUM TOIBKO
30% ocankoB xapakTepu3oBanuch d., Bbile 10%o
(cm. puc. 4). OCHOBHOIT IIPUYNHON MOHVKEHUST Be-
JIMIUHBI d . OCATKOB — UCTIapeHue, TIPOUCXOSIIEe
1160 B obOjlake, MO0 B MOJ00JaYHOM CJIOE€, ITOKa
Karjid JOXIs He OOCTUTHYT 3eMin. IlomoGiaauHoe
HCITapeHUe MOXET UTPaTh OONBIIYIO POJIb B JIETHUE
MecsI1Ibl, KOTJa B MIPU3eMHOM CJIOE€ BO3/lyXa 4acTo OT-
MEYaIOTCsl YCIOBUSI HU3KOM OTHOCUTEIBHOM BIIAX-
HOCTHU M BBICOKUX TeMIIepaTyp BO3IyXa.

ﬂJ’IH MHIWBUAYAJIbHbIX OCaJKOB Ha CTAaHLIUN A3ay
" OKCTPEMAJIBHO HU3KUE, U SKCTPEMaJIbHO BbICOKHUE
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Puc. 3. CpenHsist ce30HHasI BEpOSITHOCTD ITepeHOCca BO3AYIITHOM YaCTUIILI Hall TTOBEPXHOCTBIO 3UMOIi (a, 6, 8), BECHOII (e, d, e),
J1eToM (orc, 3, u) U OCeHbIO (K, 41, M) Ha ypoBHsIX 2500, 3500 u 5000 M (cneBa HampaBo). besoii iMHUel orpaHrYeHa 061acTh T4Ye-
€K, B KOTOpbIe Toranano He MeHee 50 He3aBUCUMBIX O0OpPaTHBIX TPACKTOPUIA.

Fig. 3. Average seasonal probability of air particle transfer over the surface during winter (a, 6, 6), spring (e, d, e), summer (o, 3,
u) and autumn (k, 4, m) at levels 2500, 3500 and 5000 m (left to right). The area of cells containing at least 50 independent back

trajectories is bounded by a white line.
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Puc. 4. CootHourenue 8'30—§2H JIJTSI BCEX BBITIABIIIMX OCANIKOB Ha CT. A3ay (@) ¥ U30TOITHbBIE TTapAMETPhI CHETa U JIba Ha CKJI0-
He Dapopyca (6): 1 — ocanku Ha CTaHIMU A3ay, 2 — JISTHUKOBBIN JIEN Ha 3anaaHoM IU1aTo Diabopyca, 3 — CBEXEBBITTaBIINIA
cHer (9—11.09.2010) Ha roxxHOM ckJI0HEe DnboOpyca B nuamna3oHe BoicoT 3000—4900 M, 4 — negHuKOBBIH JIEQ Ha BocTouHoii Bep-

mHe DIpopyca.

Fig.4. The 5380—82H relationship for precipitation at Azau station (@) and isotope parameters of snow and ice on the Elbrus slope
(0): 1 — precipitation at Azau station, 2 — glacial ice on the Western plateau of Elbrus, 3 — freshly snow (9—11.09.2010) on the
southern slope of Elbrus in the altitude range of 3000—4900 m, 4 — glacial ice on the Eastern peak of Elbrus.

BEJIMYMHEI d,, ., 3apUKCUPOBAHBI B TEUEHUE BCETO Te-
prona HaOMIOASHUM 0e3 BUAMMOI CBSI3U C CE30HOM
BeITIafeHus. TeM He MeHee, TIPM OCPETHEHUHU BCEX
TOJIyYeHHBIX 3HAYECHU I 110 ce30HaM (Tabu. 1), 3ameT-
HO, YTO T 3UMHHUX MecCSIleB 3HaUYeHUS d.,, HIKE,
yeM TSI ApyTuX MecsieB roga. OO0uit xapakrep 1ie-
peMellieHUs BO3AYILIHbIX Macc U1l 3MMHETrOo Tepuoja
(cM. puc. 4) CBUAETEIBCTBYET O MpeodIagatoIeM me-
peHoce ¢ ATJIaHTUKH, IUISI 9TOTO UCTOYHUKA TTapa xa-
paxkTepHBI 3HaYeHUS d,,. B 3uMHME Mecabl <10%o0. C
JIPYTOil CTOPOHBI, UHTEHCUBHOE PAJIEEBCKOE UCUYEP-
TMaHWe BIOJIb TPACKTOPUY MOXET TPUBOINUTH K ITOBBI-
LIEHUIO BEJTUYUH d . 0CAIKOB U3 3TOIO UCTOYHUKA.

bauxaiiimeit K paliloHy McciiefOBaHUIl CTaHLIUE,
Ha KOTOPOU MPOBOIUINCH CUCTEMAaTUYeCKUE HaO0-
JIEHUS 32 U30TOMHBIM COCTABOM OCAJAKOB — CTaHIUS
B bakypuanu (abc. BeicoTa 1665 M), TaHHBIE IO KO-
topoii ¢ 2008 mo 2018 r. BKIIOYeHBI B 0a3y HJaHHBIX
GNIP (WMO Code 3752400). CpegHeronoBoe 3Ha-
yeHue 60 ocankos, nonyueHHoe 3a 10 et HabIO-
JEHWI1 Ha 3Toi craHLmK, coctasisieT —10.4%o (cpen-
HEMeCAYHbIE BETMYMHBI 830 0canKoB BApLUPYIOT OT
—22.03 no 1.73%o), a cpenHeromoBasi BeauduHa d.,.
cocraBuia 12.8%o. Ipy ocpemHEHNU MONYYSHHBIX
3HayeHuit 680 u ’H uHIMBMAYaNbHBIX COOBITHIA
BBIMAIEHUSI OCAIKOB 10 CPEIHEMECSIYHbBIX BEJIUUYUH,
a 3aTeM JI0 CPEIHETONOBBIX, 3HaueHus 0'%0 u d,,. Ha

Ta6mua 1. CperHece3oHHBIE U cpeqHeronosble 3HaYeHMs 8'80, §?H 1 d-excess ocaIkoB Ha cTaHLIUH A3ay U Ha GIIinKaii-
meit craHuuu GNIP B bakypuanu (41°43'59.99"c.u., 43°31'0"B.1.)

IMokazarenu Jlekabpbr—deBpaib Mapr—maii Nionp—aBrycr CeHTs10pb—HOSIOPb Ton
A3zay
3180, %o —18.69 + 1.22 —7.02 £4.92 —34+0.14 —11.9 £5.49 —10.8+ 6
8%H, %o —147 £ 10.2 —47.4 + 37.7 —20.2t 1.1 —87+42.5 —79.7 £ 50
d-excess, %o 253+ 1.2 8.81+6.2 7.17 + 1.65 83x 1.6 6.4+ 3.1
bakypuanu
8180, %o —16.05 £ 0.43 —10.33 £ 1.44 —3.8 £ 0.65 —11.2+2.3 —104t4.1
8%H, %o —116.1 + 3.36 =711 £ 11.2 —20.7£5.3 —76.7 +20.4 —71.2£32.2
d-excess, %o 123+ 1.6 11.2 + 1.1 12.8 £0.3 14.8 + 1.05 128+ 1.4
JEO U CHET Tom 63 Nl 2023
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noystHe Aszay cocraBmwin —10.8 u 6.4%o0 cooTBeT-
CTBEHHO. B TO BpEMA KaK CPpEIHEMECAYHbLIC 3HA4YC-
Hus 880 u 3*H ocankoB 3MMHETO IIEpUOAA HA OIS -
He A3ay 3HAYMUTeIbHO HMKe, yeM B bakypuaHu, B
JIETHUI mepron HabaomaeTcss obpaTHas KapTUHA —
sHaueHud 60 u 6’°H ocankos Ha noyissHe A3ay 3Ha-
YUTEIBHO BhIIIE (cM. Tabj1. 1). BeaunuuHsl neiitepue-
BOTO 3KCllecca Ha ToJisiHe A3ay BO BCe MeCSILIbI roJia,
3a UCKJIIOUEHUEM aTipedist, HKe, yeM Ha bakypuanu.
B neTHue Mecsibl BbICOKME BEJIUUYMHBI d.,. OCaIKOB
Ha ctaHunu bakypuaHu roBopsiT 0 MECTHOM UCTOY-
HUKe Bl1aru. Ha nmonsiHe A3ay ocaiky JOJIKHBI TaKKe
comepxXarh BbIcOKME d.,, OGraromapsi MECTHOMY HC-
TOYHMKY U BKJIaAy PELUUMKIMHIA Baaru. OqHaKo JieT-
HMeE O0CaAKM Ha CTAHLMU A3ay UMeIOT Bbicokue 630 u
OTHOCUTENIbHBIE HU3KUE dgy.. DTU OCOOEHHOCTH 00b-
SICHEHBI IBYMSI ITPOLIECCaMU: TIPOUCXOXICHUEM TTapa
n3 paiioHoB CpenuzemHoro u YepHoro Mopeii u
BKJIAIOM PELIMKIIMHIA BJIaru, B PE€3yJIbTAaTE YEro yBe-
JIMYUBAIOTCSA 3Ha4YeHUs d.,. BOASHOTO Tapa; B pe-
3y/IbTaTe MOCIEAYIOIIEro Moa06IauYHOTO UCITapeHUS
B KalUIIX OOXISA BO3pacTaloT 3HaueHus 00 u
yMeHbIlaTcs d,,..

B 3uMHUME Mecsiibl pa3HUIIa MEXIy 3HAYCHUSIMU
680 ocanxos Ha nosnsHe A3ay U BakypuaHu Moxer
CBHUACTEIBCTBOBATh O HOPMAJIILHOM BBICOTHOM 3(-
dexre (mrs saBapss—mapta —0.3%0,/100 M), omHaKo
TPYTHOOOBSICHUMBIM OCTAIOTCSI HU3KUE 3HAYCHUS
d.,. OCagKoOB 3MMHEro Iepuoia Ha CTaHIMu A3zay.
bnuskoe nonoxeHue craHuMy bakypuaHu K pailoHy
HCCeA0BaHMs TO3BOJISET MpearnoaraTb o0lIue yep-
ThI BO3AYIIHOIO IIepeHOCa U IPOUCXOXACHNE Ocal-
KOB Ha 9TUX CTaHIMAX. OTINYMeM CUMTACTCS 3HAYM -
TeabHass oporpaduyeckas nperpaga ImaBHoro Kas-
Ka3CKOro XpebTa M pa3HOE€ BBICOTHOE IIOJIOXKCHUE
cTaHumit. Bo3aMoXHO, MMEHHO 3TH (paKTOPHI UTPAIOT
OIpeAeIsIIoNIYI0 PoJib B (GOPMUPOBAHUN OCAIKOB B
IIpusns6pyche.

ITosioBMHA ciy4daeB BhINIaAeHMSI OCAIKOB Ha CTaH-
i Azay ¢ BenuarHaMu d.,, < 0%oe mpuxoguTces Ha
ocanku 3uMHero nepuonaa. OTpunate/bHbIe BEIUIr-
HbI d.,, TaKXKe XapaKTepHbI IS OCAIKOB, BbIITAIaB-
mux B 09.2019, 06—07.2021 u 02.2021 rr. (ot —10.68
10 —9.9%0). DT ocagku CBSA3aHbI C HOCTYIJICHUEM
BO3AYIIHBIX Macc M3 lLieHTpajbkHOU EBporbl, paiio-
HOB CpennzeMHOro Mops M 4dactudyHo CeBepHOI
Adpuku. s 5-CyTOIHBIX 0OpaTHBIX TPAeKTOPUIA Ha
BCEX YPOBHSIX IBVMXXEHUSI BO3AYIIHBIX YAaCTUILI, CBSI-
3aHHBIX C SMTU301aMU BbINTaJeHUsI 0CAAKOB C d.,, OKO-
110 —10%0, XxapakTepHa MOHMKEHHAsE CKOPOCTb JIBU-
KEHHUST BO3MYIIHBIX YAaCTUIL BIOJIb TPAEKTOPUIA, YTO
MIPOSIBJISICTCSI B MEHbILIEH IIPOTSI>KEHHOCTA OOpaTHBIX
TpaeKTOPUIA U OTHOCUTEILHO OJIM3KOM pPacCIIOIOXKe-
HUY TTOTEHLIMAJILHBIX UCTOYHMKOB BO3AYIIHBIX MacC
(puc. 5 nisg 3500 m). B nesioM TpaeKTopuu B AHU C dgy
ok0710 —10%0 nokanu3zoBaHbl BOMM3KM Cpear3eMHO-
ro Mops, IIpuyeM B Terioe BpeMs roga (27.09.2019,

03.06.2021 u 06.07.2021) Hang FOxnoit EBpomnoii, a B
X0JIOIHOE BpeMs roga — Hajg Cpelln3eMHBIM MOPEM U
Hanx BbmoxauMm Boctokom (16.02.2021). O6GparHBIC
TPAeKTOPUHM B THHU C IKCTPEMATbHO HU3KUMH d,.
B T€UECHME BCEX 5 CYTOK OO IIPUOBITHS K DIILOpyCY
LICJIMKOM pacIiojiarajluCh B KOHTUHEHTAJIbHOI 30HE
repeHoca, He JOCTUTast ATIAHTUKU, YTO TOBOPUT O
HU3KHMX CKOPOCTSIX IBVKEHUS BO3AYILIHBIX YACTUII.
Takum o6pa3oM, ocagku ¢ HU3KMMU BEeIUYUHAMU
d.,. CBSI3aHBI HE C UICTOYHUKAMM U MYTSIMU TTOCTYTI-
JICHUSI BJIaTU, a C TpolleccaMy, NMPOUCXOASIINMU
IIPpU KOHJAEHCAMU B MaJIOIIOABVXXHOM BO3IYILIHOM
MMOTOKE.

AtMocdhepHBIe OCaIKh B BBICOKOTOPbE HMEIOT
CJIOXXHYIO KapTUHY (OpPMHUPOBaAHMUS, CBSI3aHHYIO, C
OOHOI CTOPOHBI, C OBICTPOIL CMEHOM BO3MYIIHBIX
Macc, a C IPYroi — CO CJIOXHBIMU ITPOLIECCAMU KOH-
BEKIIMU U TYPOYJICHTHOCTU, BOSHUKAIOIIUMM Ha TOP-
HBIX CKJIOHAX B TOM 4mciie B cyrouHoM putMme (Kelsey
et al., 2018). OnucaHHBIX CJIy4yacB BHITIAJICHUS aTMO-
c(epHBIX OCATKOB C OTPULATEIILHBIMU BeJIMYMHAMU
d.,. HEMHOTO ¥ B OCHOBHOM OHU CBsI3aHbI C UCIape-
HUEM Kareb J0XIs, oqHaKo 3HadeHus d.,. < —10%o0
BOJISTHOTO T1apa B BO3[yXe OTMEYAJIUCh JIJISI UHBEPCU -
OHHEIX CJIOEB aTMOC(ephl ¢ HU3KUM COACpKaHUEM
BOISTHOTO I1apa 1 B ITIOrpaHUYHOM ciioe (Sodemann et
al., 2017; Salmon et al., 2019).

Hawuboiee BeposiTHasi TpUYMHA BBITIAEHUS OCa/T -
KOB C HU3KMMMU BeJIMYMHaMU d . — M0J00Ja4yHOe UC-
rapeHue BOAsSHOro mapa. Ha maHHBIE MOMEHT HET
BO3MOXXHOCTH OLIEHUTD, TIPOUCXOIVIIN JI TIPOIIECCHI
BHYTPMOOJIAYHOTO WCIIApEeHUsI W BEPTUKAIBHOM
cTpaTuduKauru BOASIHOTO Tapa, 3TO OCTaeTcs 3a
rpeaesiaMu HaCTOSILLETO PACCMOTPEHHSL.

Ha BricoTax 6osee 3000 M Ha ckiToHax DiILOpyca
Tak:Ke 3a()MKCUPOBAHbBI CAIMHUYHEIC CTyJal BbIITae-
HUS OCaAKOB C HU3KMMU BeJMYMHaMu d.,., Harpu-
Mep, cHeromanm B ceHTsa0pe 2010 r. (cMm. puc. 5).
OrnpoboBaHre IOBEPXHOCTHOTO CBEXEBBIIIABILIEIO
CHeTa Ha pa3HbIX BHICOTAX I1I0KA3aJI0, YTO CBEXKEBbI-
MaBIIMi CHETr XapakTepu3yeTcsl 3HauyeHusiMu d.,. OT
12 10 24%0, ipu 3TOM 1151 4 06Pa3L0B YCTAHOBJIEHBI
3HaueHus1 dg,, oT —2.2 1o —7.3%o0. Bo3amoxHO, 1 Ha
OOJIBIINX a0COTIOTHBIX BEICOTaX B OTAEIbHBIX CIIyda-
SIX MOTYT HaOJIFOJATHCS T€ XKe IMPOLEeCChl ITMHAMUYHO -
ro U3MEHEHUSI M30TOMHBIX XapaKTEPUCTUK BOASTHOTO
rnapa, IpoOMCXOASIINX BHYTPU 00JIaKa.

DTHU mpouecchl MOTYT MCKaXaTh CBSI3b JOJIMHA—
BepIIMHA U MOHMXATh TOYHOCTH ITaJleoTeMIIepaTyp-
HBIX PEKOHCTPYKIUIA 10 JIEAHUKOBBIM KEpPHaM.

Temnepamypnas 3aeucumocms. BriepBbie BbICOKAST
CTEIIEHb KOPPEILUN MEXAY CpeaHEB3BEIICHHBIM
M30TOMHBIM COCTaBOM KHCJIOPOAa OCaIKOB YMEPEH-
HOTO KJIIMaTa U CPEAHErOI0BOM TeMIepaTypoii BO3-
Iyxa B MecTe oTOopa ycraHoBieHa B. aHcropom
(Dansgaard, 1964). Imo6anbHast 3aBUCMMOCTD BEJIU-
yuH 880 oT cpenHeronoBoil MpU3EeMHOI TeMIIepary-
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Puc. 5. BoccraHoBieHHble 0O0paTHbIe TpaeKTopuu (ypoBeHb 3500 M) IBUXKEHUS BO3AYIIHBIX Macc IS Cy4aeB BBINAAEHUS

0CaJIKOB C BeIMUMHOI dgy. < —10%o0.

Fig. 5. Back trajectories (level 3500 m) of air mass movement for cases of precipitation with dg,. < —10%o.

pol BeipaxkaeTcs Kak 880 = 0.69 T — 13.6%o. Temme-
patypHblit kKoadduiment 8'%0/T = 0.7 xopoio co-
mIacyeTcsl C TIPEOINOJIOKEHUSIMH, COeJaHHBIMU Ha
OCHOBE 3KCIIEPUMEHTAJIbHBIX U TEOPETUUECKUX pa-
00T, 1 OBLT ITOATBEPKICH MHOTOINCIICHHBIMU SMITV -
PUYECKMMU JaHHBIM JUISI CPETHUX M BBICOKUX IITAPOT
(Johnsen et al., 1989; Rozanski et al., 1992; Tian et al.,
2003). CBa3p HauboOIee CUIbHA B BBICOKHMX IITMPOTaX
U XyKe TIPOSIBIISIETCS B CPEIHUX IIIMPOTAX U 9KBATO-
puanbHbBIX paitoHax (Dansgaard, 1964). OueBugHO,
YTO TeMIepaTypHbIii KO3DOUIIMEHT MOXKET MEHSITh-
cs1 B 3aBUCHMOCTH OT PACITOJIOXKEeHUS paitoHa HabII0-
JIEeHUS M psiga MeTeopoJioTnueckKux (akropos. s
KOPPEKTHBIX MAJIEOKITNMATIIECKIX PEKOHCTPYKIIHIA
HEOOXOOMMO OLICHUTH 3TOT TeMIIePaTypHBIN Kod(dh-
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buIeHT B KOHKPETHOM pernoHe B MHTepecylolee
BpeMsI.

Ipumenenue 3aBucumoct A(8'80)/AT, moomy-
YeHHOI IS 0CalKOB Ha CTaHLIMM A3ay, IS Hajieo-
TeMIlepaTypHOii MHTepIIpeTallui TaHHBIX JIETHUKO-
BBIX KEpHOB, IIOJIYyYeHHBIX Ha abC. BBEICOTax OoJjiee
4000 M, TpenmoiiaraeT BBEICHUS MMONPaBKM Ha BHI-
COTHBIN U30TOMHBIN 3¢ dekT. [Ipsimble HaOMIONEHNS
3a TeMIepaTypoil, BHIMOJHEHHbIE Ha CKJIOHE DJib-
opyca B 2010 r. c mpMeHEeHEM aBTOMAaTUYECKOI Me-
TEOCTAHLIMU, IOKAa3aju, YTO CPEIHUIN BBICOTHBIN
rpaguMeHT TeMIlepaTypbl  BO34yXa  COCTaBJISICT
0.4°C/100 m (ToporroB u ap., 2016). Panee Ha nemHu-
ke [apabaiiy ycTaHOBJIEH BBICOTHBIN W3OTOIMHbII
3 deKT ajIsk CBeXXEeBHINABIIIETO CHera, COCTaBUBIINIA
B cpenHeM 0.3%o0/100 m (Bacunbuyk u ap., 2005), uro
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COOTBETCTBYET MaACHUIO TEMIIEPATYPHI C BLICOTOM Ha
0.4°C Ha 100 M.

C yuérom 3T0T0, YypaBHeHue cBsa3u 0'80—T, rmony-
YyeHHOEe IS CTaHIUuU A3ay, TpaHCopMUpyeTcs B
ypaBHeHue 11 BbicoTel 4000 M Buaa 680 = 0.85t —
17.8%o0, TO ecTb U3MEHEHNE KacaeTCsI TOIbKO BEJIH-
YUHBI CBOOOMHOTO YJieHa B YPaBHEHUU PETPECCHUM.
BBICOTHBIN M30TONHBIN 3(h(eKT He BeeTma MposTBIIs -
eTcs, 6oJiee TOro, 3a4acTyIO U1 TOPHBIX CKIIOHOB Xa-
pakTepHO TIPOSIBIIEHWE OOpPaTHOTO BBICOTHOTO 3(h-
dekra (Jing et al., 2022), mo3TOMY TOYHOE OIIpeaeIie-
HUE U30TOIMTHOTO CABUTA MEXIY OCaaKaMU B TOJMHE U
Ha BBICOKOTOPHBIX IIIOMIAmKaX OypeHWs ocTaeTcs
MHUCKYCCUOHHBIM. OIHAKO caM XapakTep CBSI3U, BbI-
paxeHHblil oTHomeHneM A(8'80)/AT = 0.85%0/°C,
MOXET OBIThb TIPUMEHEH IS TajeOpEeKOHCTPYKITHM
10 JIECTHUKOBBIM KepHaM Disopyca. [TomoOHbIi oz -
X0l TIpUMEHEH B WCCIeTOBAaHUAX JICASTHOTO KepHa
Yource Ha Tuberckom 1urato (Pang et al., 2020).
YcraHoBneHHas uist ocankos BenmunHa A(3'80)/AT =
= 1.61 £ 0.22%0/°C npuMeHeHa IJ11 PEKOHCTPYKIIUHN
TeMIepaTyp 1o 3HaueHusaM 0'°0 J1eIHUKOBOro Kep-
Ha. Cama BenmmuuHa A(8'80) /AT s YoHrce HaMHO-
ro BbIlIe GOJBIIMHCTBA HAKIOHOB A(8'%0)/AT, Ha-
OIIomaeMBIX B peTMOHAX CPETHNX 1 BHICOKUX IITUPOT
(0.6—0.7%0/°C) (Dansgaard, 1964; Rozanski et al.,
1992), HO cpaBHUMA C JaHHBIMU, MOJTYYEHHBIMU LTSI
IPYTUX JIEOSTHBIX KePHOB BBICOKOTOpHOTO [lamumpa
(Tian et al., 2006). Bo3aMoxxHO, Ha TeMIlepaTypHYIO
3aBUCHMOCTh MOTYT BIIMATH TaKKe (haKTOPHI, KaK M3-
MEHEHMUsI CE30HHOTO paclpeiesieHUs] OCaaKoB, CMe-
IIeHe OCHOBHBIX MCTOYHUKOB BJIaTH, BIUSHUE JIO-
KaJlbHOM PELMPKYISILIMU Baru, a TAK>Ke pa3HbIiA BbI-
COTHBIM YpPOBEHb pa3rpy3KW BO3MYIIHBIX Macc.
Boicokuii  koapdunment A(3'%0)/AT, pasHblii
1.7%0/°C, monydeH B pe3yJbTaTe U3ydeHUs JIETHU -
koBoro kepHa Komnne I'nudertu B Anbnax (Keck,
2001). Ona nmemnuka PumepHxopH B BbepHckux
Anbnax coobwanuch 3HaueHuss A(8%0)/AT = 1.1—
1.45%0/°C (Rozanski et al., 1997; Schotterer et al.,
1997). B xayecTBe TUIIOTE3HI AJI1 OOBSICHEHUS BBICO-
kux kKoapduunenros A(6'80)/AT (0T ycTaHOBIIEH-
Horo 1.7 10 BO3MOXHOT0 ~3%0/°C) mJist BBLICOKOTOp-
HBIX PaiOHOB AJIBIT OTMEYAIOCh OXJIAXICHNE BOMIS-
HOTO Tlapa Ha TIOCJEMHUX TOPIUSIX PIJIEEBCKOMN
KOHIEHCAIIMW TIPY MOIbeMe B TopaxX U yBeJIMYeHHE
KO3 PUIIMEHTOB M30TOITHOTO (PPaKIIMOHUPOBAHUS
MpU Tepexoae OT CUCTeMbl Map—Boaa K Tap—Jien
(Keck, 2001).

PasHblii xapakTep cBa3u 3HaueHuii 60 ocankos
CTaHLIMU A3ay C TeMIlepaTypoil BO3MyXa, YCTaHOB-
JICHHBIA IJISI OBYX II€pUomoB (TI€pBBIA II€pUON C
05.2019 o 05.2020 r., BTOpOIi — ¢ 06.2020 110 09.2021 1),
00YCJIOBJIEH Pa3IMUMUSIMU B TEMIIEpaType BO3ayXa U
KOJIMYeCTBE BhIMaBIIMX ocagkoB (970 u 1518 MM co-
oTBeTCTBeHHO). KpoMe Toro, B 3Tu nBa mepuoma oT-

MeJaeTcsl pasHasd CBSI3b C TaKUMM TIIOOATBHBIMH
LUPKYJSIIMOHHBIMU TIpolieccamMu, Kak CeBepoar-
JlaHTu4eckoe kKonebaHue (NAO).

CuabHBIE TOJOXUTENbHBIE (pa3bl MHAEKCA, KakK
MpaBUJIO, CBSI3aHBI C TEMIIEpaTypaMM BBIIIE CPEIHE-
ro 1mo Bceil ceBepHOli EBpomne m ¢ TemIieparypaMu
HIDKe cpenHuX B [peHIaHany 1 94acTo 110 BCeil 10K~
Hoit EBporie n Ha bamkaem Boctoke. OHM Takxke
CBSI3aHbI C KOJIMYECTBOM OCAAKOB BBIIIE CPEIHETO
Hang CeBepHoif EBponoit 1 CkananHaBueit 3MMoii 1 ¢
ocajgkaMu Hke cpegHero Han FOxHoit u LleHTpais-
Hoil EBpornoii. YciioBHO TpuHUMAsI MOJTOXXEeHWE paii-
oHa Dnpopyca B KOxHoit EBporne, cienyeT oXXumaTh
obpaTHOI Koppeassuun Mexnay uHiaekcamMu NAO n
TeMIeparypaMu (KOJIMYECTBOM OCAJKOB) HA CTaH-
oy Azay.

B ce3on 2019/20 r. obHapyxXuBaeTcsl oOparHast
KOppEISILUS CPpeAHEMECIYHBIX TeMIIEpaTyp BO3ayXa
n nHaekca NAO (puc. 6, 8). B 3T0T Xe ce30H, corac-
HO pacCUYMTaHHOI CpeaHE CE30HHOI BEpPOSITHOCTU
nepeHoca P mo MaccuBy 13 7695 06paTHBIX TPACKTO-
puii, OoTMedYaeTcs HaJbHUI IIEPEHOC BO3MYIIHBIX
Macc U mpeobianaroiiee BAUSIHUE ATIAHTUKMU (CM.
puc. 6, a). B ce3on 2020/21 1. (9505 o6paTHBIX TpaeK-
TOPUI1) BIMSIHNE ATJIAaHTUKU HE TaK BBIPAXKEHO, IIe-
peMellleHre BO3IyXa IMIPOUCXOIUI0 U3 LIEHTPaJIbHbBIX
paiioHoB EBporibl, 13 ceBepHOIl AQpHUKH, LIEHTPAJIb-
HBIX paliOHOB €BpOIICUicKOoil TeppuTopun Poccum
(cM. puc. 6, 6). Takoii xapakTep nepeHoca 1 60JIbIIIOE
KOJIMYSCTBO BHIMABIIMX OCAAKOB IIPUBEIO K TOMY,
yto w1 ce3oHA 2020/21 1. OTCYTCTBYET KOPPEIISIINSI
CpemHEeMEeCSIYHbIX TeMIlepaTyp BO3AyXa C MHAEKCOM
NAO (cM. puc. 6, ). B 06a ce3oHa KOppeISIIuy MH-
JIeKca C KOJMYECTBOM BBIIIABIIMX OCAOKOB He Ha-
Oromaercsl.

MonyyeHnwnii  xko3dpduuuent A(SB0)/AT =
= 1.06%0/°C mns niepuona ¢ 05.2019 mo 05.2020 r.,
CBSI3aH CO 3HAYUTEJIbHBIM OOETHEHVEM BO3IYIITHBIX
Macc K TOMy MOMEHTY, Korja oHu gocturanu KaBka-
3a. I MeHbIllee KOJTMYECTBO OCAIKOB, BHIMABIINX 3a
Ce30H, 1 60JIbIIasi IPOTSIKEHHOCTb TPAEKTOPUI 1BU-
KEHMsI BO3OYILIHBIX Macc (CM. puc. 6) CBHIETENb-
CTBYIOT B I10JIb3Y TTOBBIIICHUST KO3 PUIIMEHTA: KOTIa
KOHIIEHTpAalMsI BOASTHOTO Mapa HU3Kasl, ero KOHJIeH-
calMsi CONpoOBOXAAETCS 0ojiee BbIPaXXEHHBIMU U30-
TOITHBIMU 3PP eKTaMU, 0COOEHHO B YCIOBUSIX OTPU-
LIATEJbHBIX TeMMepaTyp BO3dyxa, YTO MPUBOAUT K
Gosee BbICOKOI uyBcTBUTENbHOCTH 8'¥O—T. Pasznu-
yre ko3 duimenToB cBasu A(8'80)/AT nis Bbige-
JIEHHBIX BPEMEHHBIX MEPHUOJOB TOBOPUT O TOM, UTO
XapakTep CBSI3M YYTKO pearupyet Ha U3MEHEHUS Me-
TEOPOJIOTUYECKUX YCITOBUIA.

bnaromapsi pa3IM4yuaM 3TUX OBYX JIET YCTAHOB-
nenHas 3aBucumoctb A(8'80) /AT = 0.85%0/°C orpa-
JKAET OCPEIHEHUE, BBITIOJHEHHOE Ul MEPUOIOB C
pPa3HBIM METEOPOJIOTMYECKUM IATTEPHOM U B IIEp-
BOM IIPUOGIMKEHUU MOXKET TPUMEHSTLCS IS TIAJIE0-
peKOHCTpyKUMiA. [IpUMeHsIsl yCTAHOBIEHHOE YpaB-
JEQ U CHET Ne 1
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Puc. 6. CpenHsist BEpOSITHOCTh MepeHOca BO3MYITHOM yacTuilbl Ha ypoBHe 2500 M B mepuon ¢ Mas 2019 o maii 2020 1. (@)
u ¢ moHs 2020 o ceHTA6pb 2021 (6) U COOTBETCTBYOIIAsA 3TUM ITeprUoIaM CBSI3b TeMIIepaTyphl Bo3ayxa ¢ nHaekcoMm Ce-

BepOaTIaHTUYECKOTO KoJjieOaHus (6—e).

Fig. 6. The average probability of air particle transfer at a level of 2500 m in the period from May of 2019 to May of 2020 (@) and
from June of 2020 to September of 2021 (6) and the relationship between air temperature and the North Atlantic Oscillation index

for these periods (6—e).

HEHHUeE perpeccui 1 pelias o6paTHYIo 3agady pacuéra
TeMITEpaTyp BO31yxa I1o BeanduHe 630 ocankos, mo-
JIydaeM CpEIHIOI aOCOJIIOTHYIO OINMOKY pacuéra
3.2°C u kosdpdunuenrt gerepmuHanuu 0.67. Dto Te
O0OBEKTUBHBIC OTPAHUYEHUSI PEKOHCTPYKIINHU TeMITe-
paTyp, KOTOpbie 00YCIOBICHBI HAPYIIEHUSIMU CBI3U
0'80—T u3-3a poLEcCcOB, CONMPOBOXIAIOIINX KOH-
JeHcauuoo. Mzydast IeTHUKOBBIE KePHBI, MAJIEOUH-
dopmanisi B KOTOPBIX B 3HAUUTEIbHOM CTEIIEHU
€CTeCTBEHHBIM 00pa30M ycpeaHeHa, CTaIKMBaeMCsI
HE TOJIBKO C BOIIPOCAMU TOYHOCTU PEKOHCTPYKIIUU
TeMITepaTyp, HO U ¢ norepeii csasu 8 0—T (Kozayek
u 1p., 2015) B pe3ynbraTe HEpaBHOMEPHO aKKyMYy-
JISILIVMN.

JIEQ U CHET Ne 1

TOM 63 2023

SAKJIIOYEHHUE

3HaueHns 080 m &’H aTmocdepHBIX 0CanKoOB,
otobpaHHbix ¢ 05.2019 mo 09.2021 r. Ha cTaHLUU
Azay B Ilpuons6pyche, Bapbupyior ot 0.52%0 no
—28.22%0 n ot 16.3%0 10 —224.1%0 COOTBETCTBEH-
HO, 0OHapyK1Bast 3aKOHOMEPHYIO CE30HHOCTh — BBI-
cokue 3HaueHud 8'°0 u 6’H nerom n HU3KUE — 3U-
Moii. JleliTepueBblil 3KCLIeCC BApbUPYET B OUEHB IIU -
poxkux npeaenax oT 24.8%o no —27.4%o0. Ocanku B
IMpusnsbpyche 3UMOIT CBSI3aHBI C IIPeo0IagalolIM
MepeHOCOM 13 ATJIAHTUKU, JIETOM — C IIpeo0IagaHu-
eM IepeHoca u3 paitoHoB lleHTpanbpHoli EBpoIrbi,
CpemnuzemHoro u YépHoro mopeit. CpenmuszeMHOE
MOpE€ BO BCE CE30HBI SIBJISIETCS paiioOHOM, OTKY/1a IIPO-
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HUCXOOUT TIEPEHOC BO3AyXa U coaepKalleiicss B HEM
BJIaru K DJILOpycCy.

Bce nonyueHHble 3Ha4eHud 0'%0 u 8°H anmpoxk-
cuMmupytotcsl ypaHeHueM O*H = 8.02 880 + 7.0
(R? =0.98), 6au3K1UM K IJI0OAJILHOM TMHUN METEOP-
HBIX Boll. CpelHss BeIMYMHA AeTepreBOro 3KCIeC-

ca MpM OCPEIHEHUH TI0 BCeM oOpasliaM COCTaBMIIA
6.82 £ 5.99%o.

B uenom 3a aBa roga HaGMOAEeHUIT CBSI3b 3HAYE-
Huii 60 ocagkoB ¢ Temmeparypoil NpPU3EMHOTO
CJIos  BO3IyXa  BBIpaxaercs  Ko3(@UIIMEHTOM
A(80) /AT = 0.85%0/°C. YuutbiBas pa3aIuuHble Me-
TEOPOJIOTUYECKHE YCIOBUSI, XapaKTepHBIe IS IBYX
CE30HOB HaOJIIOIEHW, 00111asl MOTrPEITHOCTh PEKOH-
CTPYKLIMM TEMIIEPATYp BO3dyXa IO BeauuuHe 0'%0
ocankoB cocraswia 1£3.2°C. D10 Ta OOBEKTUBHAA
olrbka, KkoTopast 0O0ycIoBJIeHa HAPYIIEHUSIMU CBSI-
3u 8'%0O—T BBUAY IPOLECCOB, COIMPOBOXIAIOIINX
KOHAeHCcalMIO (BHYTpHMOOJauHOE MCIapeHUe, Opo-
rpapuYecKre OCaaKU, CMEIIeHNE Pa3HbIX BO3MYIII-
HBIX Macc, pa3Hble MCTOYHUKHU BO3MYILIHBIX MAacc).
I1pu uccaenoBaHUU CBSI3U MO TAKUM IajieoapXuBaM
KaK JICTHUKOBBIE KEPHEI ¢ 3aITagHOTO TUIATO DIILOpY-
ca 1 BocTouHOI BEpIIMHBI, TOMUMO Y4eTa BEICOTHO-
ro u3oTonHoro 3@ dekra, TpedyeTcs IMOMCK ITOMOJ-
HUTEJbHBIX MAPKEPOB IS IIPUBSI3KU U30TOMHOI 3a-
MMMCU MO JbAy K ce30HaM akkymyasuuu. M xorts
ce3oHHbIe Bapuauuu 080 unu 6°H npumeHstoTcs u
0 HACTOsIIee BpeMsI [IJisl MIOcUYeTa FOJOBBIX CIOEB,
IMOMCK HOBBIX JTOMOJHUTEIbHBIX MAapKEepPOB IJIsI BbI-
JIeJICHUSI CJI0EB JIETHE!/3UMHEN aKKyMYJISILIAY B Kep-
HE OCTAETCS aKTyaJlbHOI 3ama4yeid.
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UYUMKOBA u np.

The aim of the work was to study the isotopic characteristics of precipitation to establish the dependence of
8'80 values on temperature at the time of precipitation and to get closer to understanding the processes that
form the isotopic signature of the Elbrus snow cover and glacial ice. The sampling of precipitation was orga-
nized at Azau station, located at the foot of Elbrus at an altitude of 2300 m for the period from May 01.2019
to September 27.2021. The sampling was carried out once a day at 9:00 Moscow time. The air temperature
was recorded at the meteorological station in the Terskol village (Roshydromet station No. 4334250). To
study the main features of long-range air transport and possible sources of moisture, 5-day back trajectories
were reconstructed using the NOAA HYSPLIT 4 trajectory model. The results showed that precipitation in
the Elbrus region in winter was associated with the prevailing transfer from the Atlantic, in summer — with
the predominance of transfer from the regions of Central Europe, the Mediterranean and Black Seas. The
Mediterranean Sea in all seasons was the area from which the air and moisture were transferred to Elbrus. The
values of 8'80 and §2H of precipitation varied from 0.52 to —28.22%o and from 16.3 to —224.1%o, respective-
ly, revealing regular seasonality with high values of 880 and 8*H in summer and low in winter. The deuterium
excess varied over a wide range from 24.8 to —14.6%o. All obtained values of 8'80 and 8%H were approximated
by the equation 8*H = 83'80 + 7.06 (R> = 0.98), which was close to the global meteoric water line. In general,
for 2 years of observations, the relationship between the 8'80 values of precipitation and the temperature of
the surface air layer was expressed as 0.85%0/°C. Total mean absolute error in the reconstruction of air tem-
peratures from the 8'80 value of precipitation was 3.2°C due to objective reasons and also differences in me-
teorological conditions of two years of observations.

Keywords: oxygen isotope composition, hydrogen isotope composition, precipitation, Caucasus, Elbrus,

temperature reconstruction
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